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The Compositac, one of the largest families of vascular plants, are one 
in which evolutionary modifications are complex and poorly understood. 
Generic boundaries within many of the groups are obscure and, therefore, 
controversial. Generic delimitation of Xanthocephalum, Gymnosperma, Gu- 
tierrezia, Amphiachyris . Amphipappns, and Greenella (Astereae, subtribe 
Solidagineae) is confused. As a consequence. I undei-took the present inves- 
tigation, which has three objectives: (a) to reevaluate the taxonomic posi- 
tion of the genera by attempting to quantify and assess the gross morpho- 
logical variation among the various groups, (b) to conduct a comparative 
anatomical study to determine whether endomorphic characters support 
the relationships suggested by gross morphology and cytology, and (c) to 
determine phylogenetic or evolutionary relationships from anatomical data. 

A somewhat detailed historical account of most of these genera is given 
by Solbrig (I960). The present account adds some additional data. 

Xanthocephalum was the first genus of this gi'oup to be described— in 
by Willdenow, based on material collected and described by Humboldt (Sol 




bri‘^ 






1961). 



Gray (1873), recognizing the close similarities betw'cen Xaiiihocephalum 
and Gutierrezia, placed both X. gymnospermoides and X. inightii in Gnti- 
errezia. emphasizing that the line separating the genei'a w'as not pei-fectly 
clear. Gray also held Gutierrezia to comprise Amphipappns as well as Am- 
phiachyris but later (Gray, 1884) felt that Amphipappus should be merged 
with Amphiachyris and kept separate from Gutierrezia. This transfer was 
justified because of the sterile disk florets and the quite setose pappus of 
both Amphipappus and Amphiachyris. 

Bentham and Hooker (1873) adopted Gray's original treatment for the 
group. They merged Amphiachyris as well as Amphipappus with Gutierrezia 
and placed this group near Gymnosperma and Xanthocephalum. 

According to Nelson (1934), Amphipappus and Amphiachyris should re- 
main distinct genera, since Amphiachyris was based upon an annual herb, 
A. dracunculoides, “differing in many respects from Amphipappus." Porter 

(1943), agreeing with Nelson’s line of reasoning, considered Amphi])a})pus 
distinct. 




A 5(5); un — -in. I <> 74 . 
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The morphological similarity of GreeneUa Gray to Gutierrezia and Xan- 
ihoccphaluni is unquestionable, and both Gray (1884) and Shinners (1950) 
doubted the distinctness of that genus. According to Gray (1884), in the 
original description of the genus, “if the ray-flowers of this plant were yel- 
low instead of white, it would be referred to the genus X anihocephalum , 
and the habit is nearly that of X. ImearifoHuvi and X. scricocarpuni.” 

More I’ecently, further opposing views as to the taxonomic status of these 
genera have been I’ecorded. According to Shinners (1950), the quite variable 
features of pappus, size of heads, and number of rays did not constitute dif- 
ferences sufficient to justify maintaining separate genera. To Shinners the 
fact that they were of one phylogenetic stock was unquestionable, and in 
view of the slight differences among them, Shinners felt they represented 
a single genus. Solbrig (1960) conducted a cytological and morphological 
study and concluded that certain morphological features in combination 
could be used to delimit the genera but that they often were insufficient 
when used alone. Chromosome number, however, proved to be a distinguish- 
ing character. This criterion, in Solbrig’s opinion, was sufficient to delimit 
the genera satisfactorily. 

Howe (1970) reported on megaganietogencsis for (tuiierrezia ^nicrocephala 
and G. texana and compared it with that of Aniphiachyris dracunculoides. 
According to Howe, the differences in the female gametophytes supported 
the retention of Aviphiachyris as a genus distinct from Gutierrezia, thus 
agreeing in paid with Solbrig. 

While Solbrig’s cytological conclusion seems tenable, recent inconsisten- 
cies in chromosome numbers in the various genera, not reported in Solbrig’s 
work, raise questions as to the placement of the groups and warrant re- 
assessment of their status. 

Shinners (personal communication), Spencer Tomb (personal communica- 
tion), and Correll and Johnston (1970) suggested that the monotypic genus 
'Hmrovia Rose is also closely related to the X anihocephalum complex. Rose 
(1895), in the original description, noted that, from the head structure and 
the general habit, Thurovia apparently belonged to the tribe Astereae and 
that the habit of Thurovia was like that of Gutierrezia or GreeneUa. Thus, 
my investigation also includes a study of Thurovia. 



MATERIALS AND METHODS 

Fresh plant material for anatomical studies was killed and fixed in either 
chromic-acetic-formalin or formalin-propionic-alcohol (CRAF and FPA, 
respectively; Sass, 1958), dehydrated through a graded tertiary butyl-alcohol 
series, infiltrated, embedded, and sectioned in paraffin. Dried material ju- 
diciously taken from herbarium sheets was restored by immersion in 3% 

aqueous sodium hydroxide and then was dehydrated and processed as de- 
scribed above. 

Many of the data on gross morphology were obtained by measuring 15 
characters on each of 10 plants per collection. To reduce error variation, 
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only plants in anthcsis (showing pollen shedding) were chosen for measure' 
ments. 



To standardize leaf measurements, the maximum length of the current 
year s growth was first measured from the base of the year’s growth (or 
base of the plant, for annuals) to the tip of the longest branch. Measure- 
ments were made on the leaf nearest the midpoint of the current year’s 
growth. For involucral and floral characters one flower head was chosen 
from each plant, placed in 50% ethjd alcohol, and measured later. To stan- 



dardize this procedure and choose heads of the same relative maturity, the 



flower head nearest the terminal head on the branchlet nearest the midpoint 
of the current year’s growth was chosen. 



Whole leaves and flowers for venation studies were cleared and stained 
as described by Fuchs (1963). 

Table 1 shows the sources of the materials used in my morphological 
studies. 



OBSERVATIONS 

Involucre and receptacle. Comparative moi’phological and histological 
studies of the involucre and phyllai'ies (involucral bracts) show few major 
diflerences and are not useful in delimiting the genera. 

Greenella, Guiier rezia, and Xanthoce])haluvi possess an involucre varying 
from narrowly turbinate to broadly campanulate. AmpJikichyris has a some- 
what broadly campanulate involucre, and Gymnosperina, Amphipappus, 
and Thurovia possess elongate-turbinate involucres. 

Involucral bracts of the genera are glutinous, in two to many rows, im- 
bricated, and dark green at the tips. In all the groups the number of bracts 
appears to correlate well with the size of the involucre (Table 2). 

Histologically, in all species studied the outer phyllaries are four to seven 
cells thick. In Greenella, Gutierrezia, Gymnosperma. and Xanihocephahnn 



(except X. wriglitii and X. lineari folium ) only one vascular trace enters 
each bract. Heads of X. wrighiii have three traces in the outer bracts and 
one trace in each innermost bi'act. Xanthocephaluin linearifolium shows 
three to five bundles in the outer bracts. In comparison, Amphipappus com- 
monly shows three bundles in its bracts, and Amphiachyris has as many 
as five traces in the outer bracts. Heads of Thurovia. like X. linearifolium, 
have three to five bundles in the outer bracts. 

One to five secretory canals occur in the outer bi-acls in all species stud- 
ied. These canals are, for the most part, conspicuous on the adaxial side of 
the vascular bundles. 

All of the species in each genus possess sclerenchyma in the outer bracts. 
The degree of sclerification is so pronounced that in most species the vas- 
cular bundles are usually enveloped in sclerenchyma, which is more abun- 
dant near the base of the bracts. Many inner bracts appear to be entirely 
sclerified except in the epidermal layers. In Amphipappus the central area 
of the larger bracts, six to seven cells thick, consi.sts of a layer of spongy 



TABLIO 1. Sources of material used in morpholof^ieal studies of 

Grecnclla, Guiierrczia, Gij'tiwoHperma 




IS , 




Thurovia, and Xauihocephalum 



(Voucher specimens ai'e in KSC unless othei’wise indicated) 




Collection 




'IS amoenum 





»./ t. 



var. amooium 




rs) S 














.1. umnciiutu var. htier- 



medium 





r 




Sol brie 




7d;j I 








,1. (Iracu)icnloidcs (DC.) 
Nutt. 




703d 



Rulfiu 7037 




7033 








Anderson 300i 



) 



Aniphij)(ip])Hs frentondi Clokeij .5.96’? 
Torr. Cray 



Greoielld arizonica 

Cira\’ 

(1 raninlosa Gi’cene 



Peebles et (il. 
3S32 (US) 



G utierrezia calijorniea 
DC. 



Krikorian s.n.* 



Location 



Texas; Montague Co., 7 mi 
NE of MontagiK*. 



Texas: .Johnson Co., LI. 7 mi 
SW of Clebuine. 







a s : 



asas Co., .'C4 mi 



NW of Lampasas. 








Co.. N side' of 
Ben Arnold between hwy and 
railroad. 

Texas: Washington Co., 2 ',4 
mi Nh) of Burton at jet of 
hwys .‘190 and 194S. 

Texas: Montagiu' Co., 7 mi 
NE of Montague. 

Ivansas: Geary Co., 9 mi W of 
.lumdion City aloiyg hwy 77. 

Kansas: Riley Co., 13^4 nii 
of Manhattan along hwy 177. 

Kansas: Chase Co., 2.5 mi NE 
of El Dorado. 

Texas: Brewster Co., along 

hwy IIH S of Ali)ine. 

New Mexico: Chaves Co.. 5 
mi N of Roswell. 

Nevada; Clark Co., Glendale 
.Junction, Rocky Hills, I.arrc'a 
Belt. 

Arizona: I^ima Co., ILipago 
Reservation. 



Aidhonii 321 (MO) Low'er California: San 

J^artolome Bay area. 



Califoinia; Fresno Co., 
I’arktield Grade', NW of 
Coalinga. 



G. ntandonii ssp. ntando- Venturi S15(i (US) Argentina; l-*rov. .lujuy; 
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nii (Sch. Bip.) Solbrig 
G. microcephala DC. 



G. sarothrae Pursh 



G. iexana DC. 



Gymnospenna glutino- 
SU711 (Spreng.) Less. 



Thuroina trifloi’a Rose 

Xanthocephalum centau- 
roides Willd. 

X . gy7u 710S per m aides 
(Gray) Bcnth. & Hook. 

X. hu7nile (HBK.) Sch. 
Bip. 

X. linearifoliiaii (DC.) 



Ruffm 7005, 7006 



Ruffin 7001 

Ruffin 7002 

Ruffin 7003 

Ruffm 7004 

Ruffin 7007 
Anderson 3028 

Ruffin 7008 
Ruffin 7009 
Ruffin 7010 

Ruffin 7011 
Ruffin 7012 

Ruffin 7013 
Tharp 280 (TEX) 

Pahner 501 (MO) 

Ruffin 7024, 7025, 
7026 



Pringle 7422 (US) 



Leavenworth 950 



Dept. Rosario de Lcrma. 

New Mexico: Grant Co., 15 
mi N of Silver City off hwy 
25, 6600 ft. (7005) \ 8800 ft. 

( 7006 ) . 

New Mexico: Grant Co., 6 mi 
N of Silver City along Signal 
Peak Road. 

Kansas: Logan Co., 20 mi SW 
of Oakley along hwy 83. 

Kansas: Scott Co., 10 mi E 
of Scott City. 

Kansas: Ness Co., 13 mi NE 
of Ness City along hwy 283. 

Texas: Brewster Co., along 
hwy 118 S of Alpine. 

Texas: Burleson Co., along 
hwy 290: S of Giddings. 

Texas: Washington Co., 1 mi 
NE of Burton along hwy 390. 

New Mexico: Grant Co., 5 mi 
N of Silver City on Cottage 
Sand Road. 

New Mexico: Hidalgo Co., 1 
mi W of Cloverdale on hwy 77. 

Texas: Brewster Co., 21 mi 
S of Marathon on road to Big 
Bend National Park. 



Texas: Brewster Co., along 

hwy 118 S of Alpine. 



Texas: Jackson Co., Coastal 
flat near mouth of Lavaca 
River. 



Mexico: City of Durango and 
vicinity. 



Arizona: Cochise Co., Garden 
Canyon, Huachuca Mts., 6000 
ft (7024)-, 5500 ft (7025); 6200 
ft (7026). 

Mexico: Distrito Federal; 
northern puebla. 

Mexico: Senania de Ajusco 
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GiTonm. 







a ^ 




X. ,s-t 



' / ? "I* 1 / ^ 




X. icri 




Palmer 143 




(Cra\’) Gray 





Hull in 7021 





7022, 7023 



'' it n tinrcziti riiIiloni/i\i lias 
Hay, C alitornia (Solbrly, 

HO nil S nt iis prcvimisly-k 




^xico: city of 
vicinity. 




» r' 



( V 



0 





' w 




•o: Cation Co.. IS 
mi NE of Mofjollon on hwy 7H. 

New Mc.xico: Grant Co.. 11 
mi NE of Silver City at bot- 
tom of Cherry Creek Canyon. 




* 




* t 1 i \ 




o., (Jar 

Canyon, Ilauehuea Mts.. 
ft (7022): .'i.'iOO ft (7023). 







lii.‘e'n tlcscrihcj as liL'iiiy rcsiriL'icsi to tlu' area ol San I rancisc'o 
. Material eolleeted by Krikorian pl.ues I h is species .ihout 

’ll raipLjc. 



TABLE 2. Average.s (in mm) for floral features of Amphiaeluiris, 
Amph}papj)u.s, (IreeneUa, Ciulierrezia. Ciymnospenua, Thurovia, i 

Xanlhncepholum 



Species 




IS 



amoemim var. 
amociutm 

A. amoenum vai 
intermedium 



.). dracnnculoides 




fremoniii 

Cl rcenella arizonica 




Rnjjin 











Pet 



al. 3342 



involucre 



# 

O 



a 

:=s 



:ier 


sz 

3C 

C 


width 

1 


bract 


7033 


3.8 


3.4 


1(5.2 


7034 


4.0 


3 . (5 


1(5.3 


703.) 


3.(5 


3.3 


15.5 


7030 


3 . (5 


3.3 


14.2 


703 1 


3.8 


3.3 


14.7 


7032 


3.7 


3.5 


15.0 


7036 


2.7 


2.3 


14.7 


703 7 


2.8 


2 5 

jiLt ^ fl 


1 5 . 0 


703 S 


2.(5 


9 9 

t 


1 5 . 4 


7030 


2.9 


2.5 


14.3 


.5062 


4.4 


2.0 


8.0 


s ei 

j 


3.(5 


3.4 


1(5.9 



o 






o 

£ 

a 



o 

c/i 

vU 



8.0 2(5.9 
7.9 2(5. (i 

5.0 24.2 

8.0 19.4 

8.0 20.(5 

8.0 20.3 



8.0 28..') 



8.0 28.1 
7.9 25.3 
8.(1 2(5.2 



flowers 



o 

LC 



'Cfj 



o 



o 






o 

Oj 






bX 

s 

OJ 

a 

o 



u 

n: 





CJ 



£ 

o 

f 

o 






'OJJ 

o> 



1.0 1.0 2.9 



o 



a 



o 

o 



* 

K 



1.0 2.4 0.(5 

0.9 2.(5 0.(5 

0.9 2.4 0.(5 

1.0 2.5 0.7 

0.9 2.(5 0.7 

0.9 2.(5 0.7 

1.0 2.4 0.5 

1.0 2.5 0.(5 

1.0 2.4 0.(5 

1.0 2.4 0.(5 



1.(5 4.2 1.0 2.(5 3.(5 0.7 
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Gutierrezia calif arnica Krikorian 





s.n. 


6.1 


2.5 


19.4 


8.8 


10.6 


1.2 


1.0 


3.2 


0.9 


G. microcephala 


Ruffin 7005 


3.1 


1.0 


4.5 


1.2 


1.3 




1.0 


2.3 


0.5 




Ruffin 7006 


3.2 


1.0 


4.4 


1.1 


1.5 




1.0 


2.4 


0.5 


G. sarothrae 


Ruffin 7001 


3.4 


1.5 


11.6 


5.0 


3.6 


1.0 


1.1 


2.7 


0.6 




Ruffin 7002 


3.2 


1.5 


12.1 


5.0 


3.4 


1.0 


1.1 


2.6 


0.6 




Ruffin 7003 


3.3 


1.4 


11.2 


4.9 


3.2 


1.0 


1.1 


2.6 


0.7 




Ruffin 7004 


3.2 


1.5 


11.8 


5.0 


3.4 


1.0 


1.0 


2.6 


0.7 


G. tezana 


Ruffin 7007 


3.1 


3.3 


17.2 


10.4 


17.2 


1.0 


0.8 


1.9 


0.8 




Ruffin 7008 


3.1 


3.5 


16.6 


10.3 


17.4 


1.0 


0.9 


1.7 


0.8 




Ruffin 7009 


3.3 


3.2 


17.9 


11.8 


17,9 


1.0 


0.9 


1.8 


0.8 


Gymnosperma 


Ruffin 7010 


3.8 


1.6 


10.1 


7.1 


4.4 


1.0 


1.3 


3.3 


0.8 


glutinosum 


Ruffin 7011 


3.6 


1.6 


11.0 


7.3 


4.8 


1.0 


1.3 


3.3 


0.8 




Ruffin 7012 


3.9 


1.7 


10.6 


7.4 


4.9 


1.0 


1.2 


3.2 


0.3 




Ruffin 7013 


4.0 


1.7 


10.4 


7.1 


4.6 


1.0 


1.3 


3.1 


0.3 


Thiii'ovia trijlora 


Tharp 280 


3.5 


2.1 


7.2 


0.0 


3.0 


1.0 


0.0 


2.4 


0.8 


Xanthocephalum 


Palmer 501 


4.7 


5.7 


43.2 


32.6 


49.4 


1.0 


1.0 


4.0 


0.7 


centauroides 






















X. gymnospervioides 


Ruffin 7024 


5.0 


5.9 


42.9 


37.6 


160.0 


1.0 


1.0 


4.2 


0.6 




Ruffin 7025 


4.9 


5.5 


41.8 


34.3 


157.8 


0.9 


1.0 


4.1 


0.6 




Ruffin 7026 


5.2 


6.3 


43.7 


41.5 


162.7 


1.0 


1.1 


4.4 


0.5 


X. linearifolium 


Leavenworth 




















950 


5.6 


6.9 


24.6 


13.2 


67.8 


1.0 


1.0 


3.2 


0.6 


X. sericocarpum 


Palmer 143 


5.7 


6.7 


33.2 


32.4 


120.6 


1.0 


0.9 


3.5 


0.3 


X. wrightii 


Ruffin 7020 


5.3 


5.9 


22.2 


12.7 


47.1 


1.0 


1.0 


3.7 


0.8 




Ruffin 7021 


4.7 


5.6 


24.4 


12.4 


45.6 


1.0 


1.0 


2.9 


0.8 




Ruffin 7022 


5.3 


5.9 


20.3 


12.0 


46.3 


1.0 


1.0 


3.6 


0.7 




Ruffin 7023 


5.4 


6.0 


23.4 


11.9 


47.4 


1.0 


1.1 


3.7 


0.6 



mesopyhll, three to four rows of sclerenchyma adjacent to the abaxial epi- 
dermis, and two to three rows of parenchyma between the sclerenchyma 
and the adaxial epidermis. 

In all species studied, the inner bracts, in contrast to the outer, are rela- 
tively longer and narrower. Particularly noteworthy is the strong alignment 

of bracts in Greenella ramulosa (Fig. 15d), a condition not encountered in 
any other species. 

Uniseriate as welt as multiseriate glandular trichomes may occur along 
the outer as well as the inner epidermis of most species of Gutierrezia, 
Greenella, Xanthocephalmn, Thurovia, and Amphipappus . However, in G. 
iexana, G. carothrae, X. gyvinospermoicles, and Amphipappus, trichomes 
about two to three cells high are especially abundant along both surfaces. 
In Gymnosperma and Amphiachyris, glandular trichomes occur almost ex- 



clusivc'ly alonf> the adaxial epidermis. 

The receptacles of most species studied apj^eai's flat oi' somewhat convex, 
riowx'ver, in .Y. scricocarpuni. the receptacle is more conical in form. 

Occui'i’in^ on the i‘ece]dacle of all species of (i nticrrczia. (ircou’lki. and 
'rhunn'id and of most species of Xauthoccpiialuvi are characteristic hook- 
like Khindiilar ti'ichomes (Fig. 14b-d); these 




j 




>,s. X. 




are lacking only in X. pijinuo- 



i/c, and X. ccniauroidcs. They usually are four to eight 

a ■ t. 1 



cells long. The pi'esence of these glands in the above genei’a ap|)ears to be 
a unilying feature; the.\' are absent in Aiiij)hiachiiris, Amp}iipup})us. and 
(iytiniospcnmi. 

Achcuc. In all of the genera both disc and ray achenes show little mor- 
phological variation, aiipearing turbinate and slightly flatteiu'd. 

A single vascular bundle from the receptach' extends into the base of the 
disc achene. According to Carlquist (19(51), this condition is common in most 
Compositac. Himdle nunibei' in the gi'oups is (wo to 10 in the ovary. (Iniicr- 
rezia laltahdsiy.. Grei’vcUa rautiilosa, and ('< intinospcrma (iluliuosiun. with 
ten outer vascular bundles in the achene wall, are regaixled as re 
a more pi'imitive condition. Xuuthoccphalnm (itinniosjyervioidcs, with two 
to thre(> aclnme bundles, represents the advanced condition. CrccncUa ari- 
zoriica is |)articularly interesting in terms of the secretory canal distribution 




on the wall of the acheme. Th('re are five bundles 




10 secretory canals. 



sccri'lor.N' canal is adaxial to each bundle and one is between each two 
bundles. Amphipappus exhibits five to seven achene bundles with no secre- 
tory canals on the achene wall. In the other species the number of secretory 
canals correlates w'ell with the number of bundles in the achene w'all. In 
Guiicrrrzia microccpliola (Fi.g. (5) and all species of Aviphiaciujris (Figs. 9, 
10, 11) (he disc florets are aborted, but five bundles are present in the outer 
wall of tlu' ra\' achene. Thiimria trif/ora shows about the same degree of 
specialization as the ma.)ority of GuUcnczia and X(wt}wccj)lttiluui species 
although commonly nine bundles were seen in the achene wall with a secre- 
toi’y canal adaxial to ('ach bundle. 

Trichonu's in all of the genera, when i>i'esent on disc or lay achenes, ai'C 
of the “Zw'illin,gshaar” t.vi)e, a bisei'iate non-,glandular trichome. In all spe- 
cies sfudi('d th(' tips of the two apical cells usually do not terminate at the 
same i)oint. The length of these trichomes is generally 70-550 ^m. The 
shortest of these occur in G nuniospenna, and the longest, in TI}iiroria. The 



onl\' other variation noted was the 




hail’s of Thnrovia and X. puvi- 



nospcnnoidcs'. the trichonu's appear to arise from litth' mounds on the 
acheiu* w'all (Fig. 14a). 

Disc (uitl ran corollas. The ray corollas show' signiheant dilll'rences in 
average number, width, and length among genei’a as well as within a sin.gle 




‘rences in leneth and 



genius. The five-lobed disc corollas show minor 
w'idth but vary tremendously in terms of number pei’ head. 

In all of the species studied the tendency is tow'ard more disc florets than 
ra.v florets. Tables 2 and 3 show' the counts and measurements of these. 
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TABLE 3. Averages (in mm) for floral features and leaves 

Aviphipappus , Greenella, Gutierrczia, Gymnospermo, Thurovia, and 
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c 

Cu 



OJ 

h- 



o 

c 

03 
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in 



a 
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03 

a 



O 



o 
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a 

03 
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O 






&j0 
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Species 


Voucher 


lengtl 


width 


lengtl 

(disc; 


lengtl 

(disc; 


lengtl 

(ray) 


lengtl 

1 


lengtl 

1 


1 

1 

leaf \ 

1 


Si 


Amphiachyris 


R ufji n 


7i)33 




1.9 




0.7 


0.9 


2.3 


0.1' 


1.7 


22 


amoenum var. 


Rujjin 


7034 


6.9 


1.9 




0.7 


0.9 


2.5 


0.1' 


1.6 


29 


amoenum 


Rujjin 


7035 


6.6 


1.8 




0.6 


0.9 


2.2 


0.1' 


1.8 


26 


A, amoenum var. 


Rujjin 


7030 


4.2 


1.7 




0.6 


1.0 


2.4 


o.r' 


1.8 


22 


iniermedium 


Ruffin 


703 1 


4.3 


1.8 




0.6 


1.0 


2.5 


0.1=' 


1.8 


22 




Ruffin 


7032 


4.2 


1.9 




0.7 


1.0 


2.4 


0.1=' 


1.5 


14 


A. dractinciiloides 


Ruffin 


7036 


3.2 


1.9 




0.8 


0.8 


2.3 


0.1=' 


2.0 


20 




Ruffin 


703 7 


3 . 3 


1.8 


— 


0.8 


0.9 


2.4 


0.1=' 


1.7 


20 




R uffi n 


703R 


3.0 


1.9 




0.7 


0.9 


2.3 


0.1=' 


1.9 


27 




Ruffin 


7039 


3.7 


1.9 




0.7 


0.9 


2.3 


0.1=' 


1.7 


22 


Amphipappus 


Clokey 


5962 


2,li 


1.4 


0.3 


0.5 


1.2 


3.7 


2.9 


6 


11 


jrcmontii 
























Greenella arizoriica 


Feeble 
et al. , 


s 

3H42 


10.3 


1.7 


1.0 


1.9 


0.9 


0.3 


0.1=' 


0.9 


12 


Gutierrezia 


Kinkorian s.n 


. 3.5 


0.9 


1.4 


1.5 


1.0 


1.4 


0.6 


1.5 


21 


californica 
G. viicrocephala 


Rulfm 


7005 


3.2 


0.6 




1.5 


1.0 


0.8 


0.5 


1.9 


2.4 




Ruffin 


7006 


3.4 


0.6 




1.6 


1.0 


0.7 


0.5 


2.1 


25 


(t. sarothrae 


Ruffin 


700 1 


4.2 


1.0 


1.4 


1.6 


0.6 


1.0 


0.3 


1.2 


17 




Rujjin 


7002 


4.1 


1.1 


1.5 


1.6 


0.6 


1.0 


0.2 


1.4 


19 




Rujjin 


7003 


4.1 


1.0 


1.5 


1.7 


0.6 


0.9 


0.3 


1.5 


19 




Ruffin 


7004 


4.0 


1.0 


1.4 


1.6 


0.6 


1.0 


0 . 3 


1.4 


18 


G. lexana 


Ruffin 


7007 


3.3 


1.3 


0.2 


1.0 


0.5 


0.7 


0.1=' 


2.4 


2d 




Ruffin 


700S 


3.3 


1.6 


0.3 


1.0 


0.5 


0.8 


0.1=' 


2.2 


24 




R uff i n 


7009 


3.6 


1.3 


0.2 


0.9 


0.7 


0.8 


0.1=' 


2 


22 


Gymnosperma 


Ruffin 


70 1 0 


2.3 


0.3 


0.6 


1.0 


0.7 


0 . 1 


0.1=' 


5.7 


60 


glutinosiim 


Ruffin 


7011 


2.2 


0.2 


0.6 


1.0 


0.6 


0 . 1 


0.1=' 


5.1 


59 




Ruffin 


7012 


2.5 


0.3 


0.6 


1.0 


0.8 


0.1'^ 


0.1=' 


5.3 


58 




Ruffi n 


70 1 3 


2.5 


0.3 


0.6 


1.0 


0.7 


0.1"' 


0.1=' 


7 


63 



Thurovia tiijlora 


77m 7'p 2S0 


0.0 


0.0 


0.8 


1.4 


0.0 


1.6 


0.0 


1.0 


2.5 


X a n i hocephalum 


Palmer 50 J 


fi .2 


1.9 


0.3 


1.0 


0.9 


0.1 


0.1 


2.4 


40 


ccnfauroidcs 






















X. (/ ym nospe rm oi dcs 


Rufjin 7024 


7.4 


1.5 


0.2 


1.0 


0.9 


0.5 


0 . 1 “ 


19.3 


82 




Kulfin 7025 


7.5 


1.4 


0.3 


1.0 


0.9 


0.4 


0 . 1 “ 


14.7 


72 




Rtifjm 7026 


7.4 


1.7 


0.2 


1.0 


0.9 


0.5 


0 . 1 “ 


17.8 


80 


X, UnearifoHuvi 


Leavenworlh 

950 


7.9 


2.1 


1.3 


1.5 


0.7 


0.4 


0 . 1 “ 


3.1 


44 


X. scricocarpiivi 


Palvier 143 


7.4 


1.4 


fl.O 


1.0 


0.8 


1.2 


0 . 1 “ 


2.1 


34 


X. 


Huff in 7020 


7.8 


2.8 


1.2 


1.5 


0.7 


0 . 1 ^ 


' 0 . 1 “ 


3.1 


42 




Rujjin 7021 


7.9 


2.8 


1.2 


1.5 


0.7 


o.r 


' 0 . 1 “ 


2.4 


30 




Rulfin 7022 


8.1 


3.1 


1.2 


1.5 


0.7 


o.r 


0 . 1 “ 


2.2 


30 




Rujjin 7023 


8.0 


3.0 


1.2 


1.5 


0.0 


o.r 


' 0 . 1 “ 


2.1 


29 


sli^ulu ly less til an 0. 1 . 






















Xauthoccphalum shows the greatest di 


‘gree 


of 


vari; 


:ition. 


In 


terms 


of num- 


ber of ray florets present, it ranges 


from 


nine 


to 


13 in 


X. w 


rip] 


ilvi to 


as many 



as 45 in X 



in (1. microce 





^s^ duderrczia randies from one to two ray florets 
to as many as 14 in (i. icxaiui. (d'ccnwUa commonly 




sequence. 



shows 13 ray floix'ts, thus cori’espondinj^ to the 
The number of ray florets in d ijinnospcrma pluiinosinu ranfi;es from six to 



eieht. The 




and width of the ray corolla exceeds that of the disc 
corolla in all of the species studied except in dynniosperrna , where the 
average length of the ray corollas is shorter than that of the disc corolla. 



Cl Hmnospenna also shows a reduction in the number of teeth on the corolla 
tip. Most of the species commonly show three lobes at the apex of the ray 
coi'olla; dymrws])cn)ia, commonly two lobes. 

/\mphipaj)pus also shows a reduction in number of I'ay florets. Commonly 
one or two are present. The number of ra.\’ florets in Amphiachijj'is also 



corresponds to a Fibonacci sequence. All s])ecies of Auiphicic 
had eight fertile ray floi'ets. Ray florets are absent in Thurewia 




is studied 



Histolo 




, the ra.v corolla of most species varies little. The tissues 
are composed mostly of parenchyma. At their broadest point the rajes are 
five to eight cells thick in transection. The cells of the lower e'pidennis in 
all species are papillate (Fig. 1.5c). some more i)ronouncedly so than others. 
Secretory canals in the ray florets are found only in X. wriphiU, wheix* they 
apiK'ar adaxial (Fig. 15c) to each vascular bundle. 



Uniseriate trichomes, usually of one to three cells, occur on the outer sur- 
face of the lobes of the ray and disc corollas. These trichomes ai'e very 
infreciuent but usually more abundant on the lobes of the disc corolla. Xan- 
thorephafum (jijuniospcrmohk’s has both unisei-iatc and bisei’iate trichomes 
present on the lobes of its disc and ray corollas. 

As in the ray floi-ets, the inner surface of the lobes of the disc corolla is 
characterized by an abundance of papillate cells. The outer epidermal cells 
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of the disc floret in all species are highly cutinized. The disc lobes are from 
two to four cells thick. In each of the five lobes of the disc corolla in all 
the genera are two lateral vascular bundles. Very large secretory canals 
are associated laterally with each bundle. However they are less frecjuent 
and less conspicuous in the disc corollas of X. umghtii and X. sericocarpum 
and are absent in Aviphipappiis . 

The vascular anatomy of the disc floret in all the genera appears to be 
fairly advanced. Carlquist (1961) has given a summation of vascular evolu- 
tion in Compositae. Generally five vascular bundles occur in the base of the 
disc corolla. These bundles usually extend to the base of each lobe where 
the individual bundles fork, with a vein entering each adjacent lobe along 
the margin. The two veins in each of the lobes then meet and fuse at the 



very top of the lobe. 

In all species studied, the tube of the disc corolla is five to eight cells 
thick just above the nectaries, and no secretory canals are present. Occa- 
sional biseriate and/or uniseriate glandular trichomes may be present on 
the corolla tube. However, in X. gymnospermoides, X. humile, and X. cen- 
taurokles, the entire lower half of the coi'olla tube is covered with conspicu- 
ous glandular trichomes (Fig. 15a). This occurrence is of particular interest 
since these three species were the only members of the Xanthocephahim 
group studied that lacked the receptacular glands. 

Pappus. Pappus development shows degrees of variation among as well 
as within genera and thus is a somewhat questionable taxonomic character 
as far as absolutely delimiting the groups. Generally speaking, all of the 
genera except Amphiachyris and AmpMpappus can be characterized as 
having a scaly or reduced pappus in the disc as well as the ray florets. The 
reduced condition appears slightly more pronounced in Gymnosperma (Fig. 
8a, b). The pappus of both ray and disc florets in Amphipappus is composed 
of long well-developed setae that are slightly shoi’ter in the ray florets (Fig. 
7a, b). The latter condition also characterizes the florets of Amphiachyris, 

except the pappus of the ray floi’et commonly possesses a low scaly crown 
(Figs. 9, 10, 11). 

Anatomically the pappus of the various species shows vei’y little cellular 
differentiation. In no instances were vascular traces seen in the pappus. The 

pappus in cross section appears variously shaped and is usually two to four 
cells thick at the widest. 

Style. As described by Solbrig (1960), the styles of the ray florets are dis- 
tinctly different from those of the disc ones in all of the species considered. 



These styles 



ai’e characterized by twm elongated branches 



with a border of 



papillae along both sides of the stigmatic branches. On the style branches 
of the disc florets the papillae arc confined to the lower quarter on both 
sides or are absent, with collecting hairs covering the greater outside por- 
tion of the branches. Solbrig, in his assessment of this group, also pointed 
out that the style branches of the disc florets are shorter than those of the 
ray ones. However, actual measurements of the branches (Table 2) show 



Hull the style biaiiclies are shortei’ in disc florets only in . 
Auiphidcluiris with the ditl’erence beiny; slighll>' ureafer in 





Tliiuorid trijlorci shows the .ureatest dey[i’ee of stylar variation (Fijt- 12b). 
Ail the otlu'r taxa ditl'er in minor respects. St\le branches of Thuro 2 na ai'c 
charact('riz('d by short collecdinj^ hairs on the U|)per half of the branches, 
.hist bcMii'ath the c(>llectin,u hairs and some distance from the base of the 
branches aie peculiar brush-like liairs. According to Rose (1895), this pe- 
culiaritN' led HolVman in 1895 to conclude that pi'rhaps '/’/mromo belonjied 
with Heliantheae instead of Astereae, 

In Xd)it hoccplidlinii . ('riiticrrczia, and (irecuclla the st> les of the disc florets 



possess ti-ian,s 4 ular or elon^uite tips with collcctin.e bail’s occupyinj( various 
dej.irees of the outer surface of the branches. 

Node dU(l Icdf. Nodal anatomy proved to be a very conservative feature. 
In all si)ecies it is trilacunar with oni’ trace per leaf ^ap (Fig. 15b). 

heaves of Xdiithocephaltim aie alternate, liniuir-lanceolale to lanceolate, 
simple, and entii'e or shallowly toothed. Leaves of .V. (jumvospcrmoidcs and 
.V. cc)tldnrnkk\'^ show the greatest amount of serration or toothing, but en- 
tire leavH's may occui’ as well. Xaiiilinci’phdludi (ji/invospcnnoidcs has the 
broadest leaves of all Xanihnccph(dinn studied. 

Leaves of (iuUcrrczia, (IrecucUa. Amphiacliiiris, Tliurni'ia, and Gyrnno- 
s/K’rn/fj are also alternate and linear-lanceolate. Those of ('iijmnnspcrvia are 
much longer than those of most species studied. 

Lt'aves of Amj)liip(tppus are alternate, entire, and, in contrast to those of 
the other specit's, oval to elliptic oi’ obovate. Table 3 gives averages for 
both length and width of leaves of certain species. Figure 13 shows some 
of the shape and venation patterns noted. 

similarities. A ]>ronounc('d 
cuticle c’overs th(> ui)]K'i’ and lower leaf epidermis of all species studied. At 

intervals on both surfaces of the e])idermis are narrow cavities. 
Within each of these cavities is one to two multiseriati' glands (Fig. 18a. 



Leaf anatomy of the genera shows striking 



ri'gulat 




This condition was found in all the species ('xcept A)}ip}upappus. Solbrig 
(19()(i) found this condition to be uniform in the South Amei’ican Gutierrezid. 
In addition to tlu' multiseriati' glands within the cavities, X. gymnosjn’i- 
iiioidcs. (i iiticrrczid tcxaria, G. sdrolhrac. G. nncroccp/m/a, and Thurovia 
show infrec|uent unisei’iate trichomes on the surface of the upper ('pidermis 
as well. In Am})lu})dppus, uniseriatc' trichomc's twu) to three cells high are 
frec]ueiil on the upper and lower surfaces. 



In all s])ecies studied the me 




contains abundant chloroplasts 



throughout the tissue except for tlie parenchymatous sheath suri’ounding 
the collalmai vascular bundles. The leaves have prominent secretory canals 
associali'd adaxiallv with the vascular bundles. 



DISCUSSION AND 




Featui’c's of the pappus were used chiefly by I'arliei’ botanists in delimiting 
these genera with less emphasis being placed on otlnu’ morphological fea- 
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lures. The character of the pappus, when coupled with features from other 
parts of the plant, is still a very important diagnostic feature. Solbrig (19()0) 
points out that to use pappus characters successfully one must consider 
the pappus of both ray and disc florets. In addition one must comprehend 
the variation present in different species as well as the magnitude of vari- 
ation within a given genus. Gymnosperma and Greenella are described by 
Solbrig (1960) as being similar in possessing, in both ray and disc florets, 
a reduced crown of minute scales instead of a well developed pappus. Yet 
in Greenella raimilosa both ray and disc florets have a well-developed pap- 
pus formed by lanceolate palae that resembles the characteristic pappus 
of Gutierrezia. The pappus of Xanthocephalum has been described as having 
only a low rim or crown in both ray and disc florets. Yet in X. serieocarpum, 
X. Imearifolium, and X. gymnospermoicles it is not uncommon to find well- 
developed pappi resembling to a great extent that in Guiierrezia. Certainly 
the nature of the pappus in Amphiachyris and Amphipappus is distinct 
enough to characterize these genera. Differences in structure and the fact 
that the ray floret in Amphiachyris does not show a well-developed pappus 
may serve as evidence for not including these two in the same genus. 

The style of Thui 'ovia definitely distinguishes it from the other genera. 
Even though these show some degree of coherence in style structure, it is 
worth noting that the style bi’anch of the ray florets is longer than that of 
the disc florets in Amphiachyris and Aniphipappus and no stigmatic pa- 
pillae are present on the lower surface of the style branch. These characters 
can also be used to segregate the latter two genera from the others. 

Amphipappus appears to demonstrate the greatest degree of differences in 
characters. In addition to those characters already mentioned, the structure 
of the leaves in Amphipappus is distinct fiom that of the other genera. In 
addition, secretory canals, except in the phyllaries, appear to bo lacking. 
Sectioned leaves of all the other genera are almost indistinguishable, and 
secretorj' canals ai-e frequent in various plant parts. 

Certainly the occurrence of the hook-tipped receptacular glands in all spe- 
cies of Gutierrezia studied, in Greenella, and in Xanthocephalum adds uni- 
fying evidence to these previously distinct genei'a. In addition to the habit of 
Thurovia and other features already mentioned, the presence of these hook 
glands in Thurm^ia perhaps suggests the close relationship of Thurovia to 
the latter genera. A more thorough survey of the presence or absence of 
these glands in Astereae may pi’ove valuable in determining the extent and 
usefulness of this character. 

Because such few chromosome numbei's were known in certain of the 
genera, a clear cytological concept of the groups was not perceived by Sol- 
brig. At the time of Solbrig’s study, the base chromosome number was con- 
sidered to be four or a multiple of four in all Gutierrezia counted, five in 
Amphiachyris, seven in Gymnosperma, and nine in Amphipappus. Only one 
species of Xanthocephalum (X. gymnospermoides. n = 6) and none of Green- 
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ella had been counted. In addition, Tomb (personal communication) has 
found ?? — 5 for TJuirovia iriflvra. Table 13 shows that counts now available 
for GrcctwUa arizonica and for four more of the eight species of Xanlho- 



cephalum indicate i 


a base of n~ 


-4. These findings certainly 


eliminate the 


genei'ic differences 


suggested b; 


V' Solbi’ig (19G0) among Xat 


ithocephalum, 


Gulicrrczia, and Gr 


ecnc'Ua. 






T.ABLE 4. Previous meiotic 


chromosome counts in A mphiachy ri s , 


AuipJiipappus, GrccncUa, Gut 


ieiTczicu (Gjninospcrma, Thurovia, and 




Xanthoccphalum 




Species 


Counts 


Reference 


Habit 


Amptiiaclufris 


n ^ 5 


Solbrig et al. (19G4). 


annual 


dracunculoidc’s 




Solbrig (1960). 




Amphipappu.s 


n 9 


Raven et al. (19G0), 


perennial 


frcvKwiii 




Solbrig (I960). 




Grcevella 


n - 4 


Solbrig et al. (19G4). 


annual 


arizonica 








Guticrrezia 


v- H, 12. IG 


Rudeiibei'g & Solbrig (19G3). 


perennial 


calif arnica 


24 






G. mandouii ssp. 


V 12 


Solbrig (19GG). 


perennial 


n}andonii 








G. microcc})hala 


n 8. IG 


Solbrig (I960), 


perennial 






Rudenbei'g & Solbrig (19G3) 


■ 


(G sarotlirac 


»/--4. 8 


Solbrig (19G0). 

Rudenberg & Solbrig (19G3). 


perennial 




n - - 8 


Solbi'ig et al. (19G4), 
Solbrig (19G5). 




G. tcxana 


— 4 


Solbrig (19G0), 

Turnei- & Ellison (19G0), 
Rudenberg & Solbrig (19G3), 
Solbrig et al. 19G4). 


annual 


(Gjninos])cr7iia 


?i-7, 8 


Solbi'ig (I960), 


perennial 


glutiv()suvi 




Solbrig et al. (19G4), 
Solbrig et al. (19G9). 




Thurovia irijlora 


7 ? 5 


Spencer Tomb 
(Unpublished count). 


annual 


X a n t ho c cp h a 1 urn 


7? ~ () 


Raven et al. (I960), 


annual 


gy7nn()spc}'inoides 




Solbrig (I960), 

Turner et al. (19G2), 
Dejong & Longpre (19G3). 




X. humile 


— 4 


Turner et al. (19G2). 


annual 
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X. linearifolium n=4 Turner (Solbrig, 1961), perennial 

Beaman & Turner (1962). 

X. sericocarpum n=:4 Dejong & Longpre (1963). annual 

X. wrightii n = 4 Solbrig (1961). annual 



Based on morphological and anatomical data and also recent cytological 
findings, I believe that the most reasonable concept for this complex would 
be to merge Xanthocephalum, Gutierrezia, and Greenella into one genus and 
to maintain Gymnosperma, Amphiachyris , Amphipappus , and Thurovia as 
distinct genera. Since Xanihocephahim is the earliest name in the group 
to be merged, it is the correct name for it. 

Even though Thurovia shares many morphological and anatomical fea- 
tures with members of the Xanthocephalum complex, its absence of ray 
flowers, its style, and its base chromosome number suggest that further bio- 
systematic studies are needed to assess its relationship with Xanthocepha- 
lum. However, morphological, anatomical, and cytological evidence clearly 
indicates that Greenella and Gutierrezia should not be maintained as dis- 
tinct and show enough unifying characters to be transferred into Xanthn- 
cephalum. 



KEY TO THE GENERA 

A. Pappus of disc florets composed of well-developed setae basally united, 
almost equaling corolla. 

B. Involucre elongate-turbinate; ray florets 1-2; disc florets fewer than 10; 

pappus of both ray and disc florets composed of well-developed setae; 
perennial shrubs Amphipappus 

BB. Involucre broadly campanulate; ray florets more than 5; disc florets 

more than 10; pappus of ray florets reduced to a low crown; annuals 
herbs (or possibly short-lived perennials) .... Amphiachyris 
AA. Pappus scaly or reduced to low crown in disc as well as in ray florets. 

C. Ray florets absent Thurovia 

CC. Ray florets present 

D. Ray corollas shorter than or equal to the disc corollas Gymnosperma 
DD. Ray corollas longer than disc corollas .... Xanthoeephalum 

GENERIC SYNONOMY 

AMPHIACHYRIS Nutt., Trans. Amer. Philos. Soc. 7:313. 1840. 
AMPHIPAPPUS Torr. & Gray, Boston J. Nat. Hist. 5:107. 1845. 
GYMNOSPERMA Less., Syn. Gen. Comp. 194. 1832. (nom. conserv.) 

Selloa Spreng., Nov. Prov. Hal. 36. 1819. 

THUROVIA Rose, Contr. U. S. Nat. Herb. 3(5): 320. 1895. 

XANTHOCEPHALUM Willd., Ges. Naturf. Freunde Berlin Mag. Neuesten 
Entdeck. Gesammten Naturk. 1:132. 1807. 

Brachyris Nutt., Gen. 2:163. 1818. 



Bracliiiachiil'is Spron^., Syst. .’};574. 1825. 
GrccvcUa Gray. Syn. FI. N. Amcr. 1:480. 1884. 
(iuticrrczia La^., Nov. Gen. ot Spec. 30. 1816. 
Ilemiacliyris DC., Prodr. 5:313. 1836. 
Oduutncarpha DC., Prodr. 5:71. 
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Fig. 1. 



Flowering head of 
Disc flower X20. c. 
of disc flovvei* X25. 



Ciuiierrezki iexana X20: a. Ray flower Xlfi. b. 
Style branch of lay flower X30. d. Styh' branch 
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Flowering head of Greenella arizonica X16; a. Ray flower XIO. b. 

Disc flower XIO. c. Style branch of ray flower X16. d. Style branch 
of disc flower XIO. 
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Fiy. 3. 




X ant hocep h alum wri ( 




: a. Ray flower XIO. 
b. Disc flower. Note the presence of glabrous achene, XIO. c. Style 
braneh of I’ay flower X20. d. Style branch of disc flower XIO. 
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Fig. 4. Flowering head of Xanthocephalum gymnospermoides X12: a. Ray 

flower X12. b. Disc flower XIO. c. Style branch of ray flower X16. 
d. Style branch of disc flower X16. 



i 









5. Flowering head of (!ulierrczia sarothrac X20: a. Ray flower X20. 

b. Di.sc flower X20. e. Style braneh of rav (lower X25. d. Style 

% % 

braneh of dise flov.er X25. 
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Fig. 6. Flowering head of Gutierrezia microcephala X20: a. Ray flower 

X16. b. Disc flower X20. c. Style branch of ray flower X25. d. Style 
branch of disc flower X25. 
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7. Flowering head of Amphipappus fremonlii X20: a. Ray flower X25. 
b. Disc flower X16. c. Style branch of ray flower X16. d. Style 
branch of disc flower X25. 
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Fig. 8. Flowering head of Gymnosperma glutinosum X16; Note ray flowers 

which do not surpass the tubular ones giving the head a discoid 
appearance: a. Ray flower X20. b. Disc flower X20. c. Style branch 
of ray flower X25. d. Style branch of disc flower X20. 





branch of disc Howcr X25. 





a. Ray flower X16. b. Disc flower X20. c. Style branch of ray flower 
X20. d. Style branch of disc flower X25. 
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Flowering head of Amphiachyris amoenum var. amoenum X16: 
a. Ray flower Xlfl. b. Disc flower X20. c. Style branch of ray flower 
X20. d. Style branch of disc flowei’ X20. 

k_r 
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Fig. 12. 



Flowering head of Thurovia trijlora X20; a. Disc flower X16. b. Style 
branch of disc flower X16. 
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13. lA'af shape and venation. Only major veins are drawn: a. Xantho 





b. 




.S', c. X. wri 




d 





’.S' . e . 




scric()ca7~}min. f. Gumnosperma 




sum. g. Grccmclla arizonica. h. Thiirovia trijlnra. i. Amphipappus 




a. j. Guticrrezia sarolhrac. k. G. talialcnsis. 1. 
ris di'acu7iculoidcs. m. A. amocnum var. mtei'medium 
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Fig. 14. Longitudinal sections: a. Xanthocephalum gymnospermokies flower 

showing biseriate non-glandular “zwillingshaar” trichomes. Note 
trichomes are situated on “mounts” originating on the wall of the 
achcnc. Also note nectary glands surrounding the style base, X89. 



b-d. Hook-like 




glands: b. Giitierrezia texana. X89. 



c, Greenella arizonica, X351. d. Xanthocephalum wrightii, X89 



I- 
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Fig- 15. a. IjOngitudinal section of XanthoccpJialum liumilc flowei’ showing 

abundant occiUTonce of glandular trichomes along lower half of 
corolla tube, X89. b. Cross-section of Guiicrrczia iexayia stem 




g trilaeunar 



nodal structure, X89. e. 





ray cross-section showing 





I'a V 




and secretory canals adaxial to each vasculai' bundle, X89. d. 
Grccnella ramulosa showing vascular bundle with conspicuous se- 
cretory canal. Note strong alignment of involucral bracts, X89. 

























Fig. 16, Leaf transcctions showing the presence of gla 

a. Guticrrezia texanci, X331. b. Gymnosperma 



cavities; 
, X89. 





